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Introduction
============

Upper respiratory tract symptoms such as cough, runny nose and sore throat are the most common acute presentations encountered in general practice. The majority of these have been attributed by both patients and doctors to infections of the upper respiratory tract (URTI). Viruses have been shown to be the main aetiological agents. In the absence of influenza epidemics, rhinoviruses account for ∼30--50% of all respiratory illnesses annually.[^1^](#B1) Other viruses commonly isolated in adults with respiratory symptoms are parainfluenza, coronavirus, respiratory syncytial virus (RSV) and adenovirus.

Most of these studies were conducted in the community, such as the Cleveland Family Study[^2^](#B2) and the Tecumseh Study,[^3^](#B3) or among specific groups within a community, such as college students[^4^](#B4) or young military personnel.[^5^](#B5)

Illness and the experience of symptoms in the community are not the same as illness as presented to the GP. It is well known that physicians see only a small fraction of the health problems experienced by the population at large. In the Tecumseh Study, physician consultations were associated with only 25.4% of all respiratory illnesses.[^6^](#B6) This suggested that the decision to consult GPs is not based solely on symptom complex or severity, especially for mild and self-limiting conditions such as URTI. Triggers ranging from self-perception to socio-economic factors can influence a person\'s decision to legitimize his sick role. Yet, in spite of this, recommendations for treatment of URTI in many clinical guidelines are based on results of community studies.

It would be helpful for GPs to know if the aetiological patterns of patients presenting to them with complaints of acute respiratory symptoms are the same as those of the subjects in community studies. To our knowledge, there is a paucity of such studies conducted in general practices. Lieberman *et al*. conducted a practice-based study on 122 patients in three general practices in Israel. They used increase in antibody titre in paired sera for identification of an infective cause, and reported a viral pathogen in 25%, bacterial in 30% and more than one pathogen in 22% of patients.[^7^](#B7)

With the advent of new laboratory methods such as immunofluorescence (IF) and polymerase chain reaction (PCR), it has been possible to improve the rate of virus identification. The main objective of our study was therefore to determine the aetiological cause in patients who presented with acute respiratory symptoms in nine primary care clinics in Singapore, using bacterial culture, IF and PCR. We also aimed to study the differences in clinical presentation between patients with different aetiological causes.

Methods
=======

Subjects
--------

We conducted this prospective study in all nine clinics belonging to the National Healthcare Group Polyclinics (NHGPs) in the Republic of Singapore. These clinics are one-stop primary care health centres, which provide subsidised services ranging from preventive health care to acute and chronic medical care. We recruited patients sequentially from each clinic, having first determined the order in a random fashion. The proportion of patients to be recruited from each clinic was based on the proportion of patients seen for URTI during the same period in the past year. Approval to conduct the study was obtained from the National Healthcare Group Ethics Committee.

The study population included 594 consecutive patients (318 males, 276 females) who presented with complaints of respiratory tract symptoms from February to April 2002. Inclusion criteria were all patients who were Singaporean residents, aged ≥21 years, who complained of any one of the following: cough, nasal (sneezing, runny nose, blocked nose) or throat (sore throat, throat clearing, phlegm in throat) symptoms of \<7 days duration. Fever was not used as a criterion for patient selection as, in doing so, we may inadvertently have excluded patients with infective aetiology who did not have fever. Patients were excluded if they had history of chronic respiratory problems such as allergic rhinitis, chronic sinusitis, asthma or chronic obstructive pulmonary disease, were currently on treatment for tuberculosis, or were immunocompromised in any way. Other exclusion criteria included long-term antibiotic use (such as for treatment of acne), or recent antibiotic use in the previous 2 weeks, recent travel or hospitalization, being pregnant or currently breast-feeding.

Out of a total of 821 eligible patients, 595 gave signed informed consent to participate in the study. One patient who did not complete the study (no microbiological analysis done) was excluded. This gave a response rate of 72.4%. There were more male respondents (80.9%) compared with females (69.4%). However, there were no differences between respondents and non-respondents with respect to age or ethnic distribution.

Data collection
---------------

We collected data by several means, namely interview using a structured questionnaire, clinical examination using a standard recording form, throat swab for bacterial culture and nasal swab for virus identification. Patients were followed-up by phone interviews until resolution of symptoms.

Sections in the questionnaire included questions on general health status, past URTI experience and, for the present episode, the severity of each symptom from a list of 23 symptoms. All interviews and biological sample collection were conducted by the authors and qualified state-registered nurses who had been trained in the procedure. Resident doctors in each of the clinics, who had been briefed on the study protocol, conducted the physical examination and recorded the findings in structured recording forms. Prior to the study proper, we conducted a pilot study to test the questionnaire, the logistics, and the acceptability to patients of the sample collection methods.

We followed-up each patient 1 week later by a telephone call. For patients who have not recovered by the first week, second and subsequent phone calls were made until resolution of all symptoms.

Bacterial culture
-----------------

All bacterial culture and virus identification were performed at the laboratory of one of the authors (RTPL).

Throat swabs were collected in Amies transport medium (Copan, Italy) and sent to the laboratory on the same day. The swabs were plated on Columbia sheep blood agar and CDC anaerobic blood agar. The blood agar was incubated aerobically at 35°C in CO~2~ and the anaerobic agar was incubated anaerobically at 35°C, both for 48 h. The aerobic plate was read at 18--24 h, and both aerobic and anaerobic plates at 48 h. The potential pathogens looked for were β-haemolytic streptococci of Lancefield groups A, C and G; and predominant heavy growth of *Streptococcus pneumoniae*, *Haemophilus influenzae* or *Moraxella catarrhalis*. Identification of bacteria was by standard methods.[^8^](#B8)

IF microscopy for respiratory viruses
-------------------------------------

We used flexible wire swabs (Copan, Italy) to obtain specimens from patients\' nasopharynx and they were transported in the virus transport medium. Upon arrival in the laboratory, the flexible wires were cut and put into plastic disposable tubes (Falcon, USA) containing 1 ml of phosphate-buffered saline (PBS) each (Oxoid, UK). The tubes were capped and vortexed for 1 min to produce a cell suspension. The specimens were processed for IF according to the manufacturer\'s instructions. Screened positive samples were tested again using the individual monoclonal antibodies (Light Diagnostics, Chemicon, USA) for influenza A, influenza B, parainfluenza 1, parainfluenza 2, parainfluenza 3 viruses, RSV and adenovirus.

Nucleic acid detection
----------------------

The detection of rhinovirus RNA was performed on the cell suspension obtained from that used for IF described above. Viral RNA was extracted using the QIAamp Viral RNA mini kit (QIAGEN, Germany). The rhinovirus RNA was then amplified using the OneStep RT--PCR kit (QIAGEN, Germany). The entire reverse transcription and amplification was performed on a GeneAmp 2400 thermal cycler (Applied Biosystems, USA). The amplification products were digested using *Bgl*I (New England Biolabs, USA) at 37°C for 2 h. The amplified products and digested products were run side by side on 2% agarose gels, stained with ethidium bromide and photographed. Samples which showed both 380 and 190 bp bands were considered positive for rhinovirus.[^9^](#B9)

In addition, 100 samples were examined for other pathogens, namely influenza A, B and C viruses, parainfluenza 1, 2, 3 and 4 viruses, adenovirus, RSV, human coronaviruses OC43, 229E, enterovirus, *M.pneumoniae* and *C.pneumoniae*, by PCR. From each batch of 20 samples processed for IF and rhinovirus PCR, five samples were selected arbitrarily for additional PCR, until 100 samples were reached. The same extract from the rhinovirus PCR test was used. Genomic RNA was amplified using the OneStep RT--PCR kit (QIAGEN, Germany) and genomic DNA was amplified using the Taq Core PCR kit (QIAGEN, Germany) following the manufacturers\' instructions. The primers used for amplification were taken from various authors.[^10^](#B10)[](#B11)[](#B12)[](#B13)[^--14^](#B14) Four separate multiplex amplification runs were performed for each sample. Reverse transcriptions and amplifications were performed on a GeneAmp 2400 thermal cycler (Applied Biosystems, USA). The amplified products were run on 2% agarose gels, stained with ethidium bromide and photographed. The amplification product lengths were confirmed with the references cited.[^8,^](#B8)[^10^](#B10)[](#B11)[](#B12)[^--13^](#B13) Samples which showed the presence of the corresponding amplification product were taken to be positive for the respective pathogen.

Data management and analysis
----------------------------

All data were checked for accuracy of entry and analysed using the Statistical Package for Social Sciences (SPSS) for Windows software version 11.0. Frequency tabulations were done for descriptive data. Student\'s *t*-tests were used for comparison of differences between means, and Mann--Whitney *U*-tests for differences between medians. Chi-square tests were used for comparison of differences in proportions. Odds ratios and 95% confidence intervals were calculated. For the analysis of the subgroup of patients on whom additional PCR was done, comparing patients with viral infections with those in whom no pathogen was isolated, patients with bacterial infections (*Streptococcus* and *C. pneumoniae*) were excluded.

Results
=======

Descriptive profile of patients
-------------------------------

The mean age was 45.4 years (SD ± 14.9), and median 45.0 years (range 21--88). Ethnic distribution was: Chinese 69.1%, Malay 17.5%, Indian 11.1% and others 2.2%. Of the patient population, 69.8% were non-smokers, 20.7% current smokers and 9.4% ex-smokers.

The general health status of the patients was good, with 68% reporting excellent or good for 'general well-being in the past 3 months'. A high level of stress in the past 2 weeks was reported by 13.7% of patients; 90.3% of patients had at least one episode of 'flu' in the past 12 months, with 17.4% with at least five episodes.

Present 'flu' episode
---------------------

For this present episode, the median duration of illness was 8.0 days (range 2--33). Of the patients, 62.3% had a total of ≥10 symptoms. Of these, cough was the most common (88.0%); 70.2% of patients complained of sore throat, 66.6% of runny nose and 59.4% had body aches. Fever was a complaint in 39.1% of patients.

On examination, 25.4% of patients had temperature of \>37°C, 71.1% were noted to have injected throat, 7.2% enlarged tonsils and 6.0% had enlarged cervical lymph nodes.

Aetiological diagnosis
----------------------

[Table 1](#TBL1) describes the pathogens isolated using IF and PCR for viral identification, and culture for bacterial isolation. About a quarter of patients (25.2%) had viral infections, and only 2.4% had bacterial infections. Of these, three patients had mixed infection with both rhinovirus and streptococcus group G. In patients with virus infections, rhinoviruses were the overwhelming majority (136/150, 90.7%). Streptococcus group A and *S. pneumoniae* were not isolated from any patient. Of note is the finding that no pathogens were isolated in 72.9% of all patients.

###### 

*Aetiological agents in 594 patients with acute respiratory symptoms*

  Pathogen                                   *n* (%)
  ------------------------------------------ -------------
  Viral agents                               
      Rhinovirus                             133 (22.4)
      Influenza A                            5 (0.8)
      Parainfluenza 1                        1 (0.2)
      Parainfluenza 2                        2 (0.3)
      Parainfluenza 3                        2 (0.3)
      Respiratory syncitial virus (RSV)      4 (0.7)
  Bacterial agents                           
      Streptococcus group C                  2 (0.3)
      Streptococcus group G                  7 (1.2)
      *Moxarella catarrhalis*                1 (0.2)
      *Haemophilus influenzae*               1 (0.2)
  Mixed infection                            
      Rhinovirus and streptococcus group G   3 (0.5)
  Normal flora                               433 (72.9)
  Total                                      594 (100.0)

The outcome of additional PCR on 100 selected patients is as presented in [Table 2](#TBL2). New pathogens identified were parainfluenza 4, human coronavirus OC43, adenovirus, enterovirus and *C. pneumoniae*. This resulted in an additional 19 patients (19%) in whom a pathogen could be identified. In 49.0% of patients, no pathogens were identified.

###### 

*Further analysis of 100 samples by additional PCR*

  Pathogen                                                    IF, rhinovirus PCR and bacterial culture   Further PCR   All methods combined
  ----------------------------------------------------------- ------------------------------------------ ------------- ----------------------
  Virus agents                                                                                                         
      Rhinovirus                                              20 (20.0)                                  --            17 (17.0)
      Influenza A                                             5 (5.0)                                    5 (5.0)       5 (5.0)
      Parainfluenza 1                                         1 (1.0)                                    1 (1.0)       1 (1.0)
      Parainfluenza 2                                         2 (2.0)                                    2 (2.0)       2 (2.0)
      Parainfluenza 3                                         2 (2.0)                                    3 (3.0)       3 (3.0)
      Parainfluenza 4                                         --                                         4 (4.0)       2 (2.0)
      RSV                                                     4 (4.0)                                    3 (3.0)       4 (4.0)
      Human coronavirus                                                                                                
      OC43                                                    --                                         7 (7.0)       6 (6.0)
      Adenovirus                                              --                                         1 (1.0)       1 (1.0)
      Enterovirus                                             --                                         4 (4.0)       4 (4.0)
  Bacterial agents                                                                                                     
      *Chlamydia pneumoniae*                                  --                                         2 (2.0)       1 (1.0)
  Mixed infection                                                                                                      
      Streptococcus group G and rhinovirus                    1 (1.0)                                    --            --
      Streptococcus group G, rhinovirus and parainfluenza 4   --                                         --            1 (1.0)
      *C. pneumoniae* and rhinovirus                          --                                         --            1 (1.0)
      Parainfluenza 4 and rhinovirus                          --                                         --            1 (1.0)
      Human coronavirus OC43 and rhinovirus                   --                                         --            1 (1.0)
      Parainfluenza 4 and *C. pneumoniae*                     --                                         1 (1.0)       1 (1.0)
  No pathogen detected                                        65 (65.0)                                  67 (67.0)     49 (49.0)

[Table 3](#TBL3) shows a comparison of patients with virus infection and those in whom no pathogen was isolated, in the 100 patients in whom additional PCR was performed. There were no differences between patients who had a viral infection, compared with those with no infection, with respect to demographic and social variables, as well as clinical presentation; the exception was that there were fewer male patients with virus infections (males 41.3%, females 63.6%, *P* = 0.04).

###### 

*Patient characteristics and clinical presentation by viral aetiology*

  Variable                                    Virus *n* = 47   No pathogen *n* = 49   *P*-value   Odds ratio (95% CI)
  ------------------------------------------- ---------------- ---------------------- ----------- ---------------------
  Socio-demographic                                                                               
      Age (years)                                                                                 
          Mean (SD)                           46.0 (15.3)      47.2 (16.3)            0.72        
          Median (range)                      45.0 (21--79)    47.0 (22--85)          0.65        
      Gender                                                                                      
          Male                                26 (41.3)        37 (58.7)              0.04        0.40 (0.17--0.96)
      Ethnic group                                                                                
          Chinese                             30 (46.9)        34 (51.3)              0.47        0.73 (0.31--1.72)
      Smoking history                                                                             
          Non smoker                          32 (50.0)        32 (50.0)              1.00        
          Ex-smoker                           6 (50.0)         6 (50.0)                           1.00 (0.29--3.43)
          Current smoker                      9 (45.0)         11 (55.0)              0.92        0.82 (0.30--2.24)
  General health status                                                                           
      General well-being past 3 months                                                            
          Fair/poor                           17 (58.6)        12 (41.4)              0.21        1.75 (0.72--4.22)
      Stress level past 2 weeks                                                                   
          High                                4 (30.8)         9 (69.2)               0.16        0.41 (0.12--1.45)
  Current URTI episode                                                                            
      Total duration of symptoms                                                                  
          Mean (SD)                           7.3 (3.6)        7.9 (3.9)              0.47        
          Median (range)                      6.0 (3--24)      7.0 (3--17)            0.60        
          Total number of symptoms \<10       26 (56.5)        20 (43.5)              0.10        2.02 (0.88--4.64)
      Selected symptoms                                                                           
          Cough Yes                           43 (51.2)        41 (48.8)              0.25        2.10 (0.59--7.50)
          Runny nose Yes                      38 (53.5)        33 (46.5)              0.13        2.05 (0.80--5.23)
          Sore throat Yes                     31 (51.7)        29 (48.3)              0.41        1.43 (0.62--3.30)
          Fever Yes                           22 (48.9)        23 (51.1)              0.99        1.00 (0.45--2.22)
      Physical examination                                                                        
          Body temperature \>37°C             17 (57.6)        13 (43.3)              0.28        1.62 (0.68--3.88)
          Injected throat Yes                 35 (49.3)        36 (50.7)              0.77        1.15 (0.45--2.91)
          Enlarged tonsils Yes                3 (42.9)         4 (57.1)               0.76        0.79 (0.17--3.71)
          Enlarged cervical lymph nodes Yes   4 (66.7)         2 (33.3)               0.36        2.24 (0.39--12.85)

Discussion
==========

To our knowledge, this is the first practice-based study on the aetiological diagnosis of a large group of patients presenting with URTI in primary care clinics in Asia, using IF and PCR as identification methods. We found that an infective aetiology was present in only 51% of patients. Of these, 47% were viral infections, and 4% were bacterial or mixed bacterial and viral infections. The proportion of patients in whom no infective cause could be found was higher than that found in community studies. In the Tecumseh Study, this was 23%,[^6^](#B6) even without newer methods of virus isolation. In a study among university students, with the use of IF, PCR and serology, no pathogen could be identified in 30% of subjects.[^4^](#B4)

We examined the following factors in the study methodology that might have contributed to the high proportion of patients in whom no pathogen could be detected. First, the adequacy of sample collection. All samples were collected by the authors, or by qualified staff nurses who had been trained in the technique by the authors. Although nasopharyngeal aspirates were used in some studies,[^4^](#B4) we chose nasopharyngeal swabs for two reasons. Nasopharyngeal aspiration is the optimal sampling method with respect to viral culture, but there were not enough studies on aspirate versus swab for IF and PCR, and most sampling studies have been conducted in children. In our pilot study in adults in a clinic setting, we found in fact that aspirates gave a poor yield of cells for virus identification, whereas swabs yielded sufficient cells for IF. By extension, swabs should then be satisfactory, if not better, for PCR. In the main study, we noted that adequate cells were seen in almost all samples after processing the specimens for IF.

A second factor was the choice of pathogens looked for and the methods for their identification. The pathogens detected by respiratory virus IF (RSV, influenza A and B, parainfluenza 1--3, adenovirus) were the usual ones detected in clinical laboratories. For the pathogens covered by IF, the sensitivity and specificity are comparable with virus culture.[^15^](#B15)

Virus culture was not performed in this study due to budget constraints. Virus culture may increase the detection rate although, in general, the yield will not be significantly higher.[^15^](#B15) However, with appropriate cell lines, virus culture may pick up rhinoviruses and enteroviruses--two pathogens which are not detectable by routine IF. We addressed this limitation by performing PCR instead. PCR has been shown to be more sensitive than culture and IF.[^16^](#B16) It is possible that virus culture may also pick up hitherto uncharacterized viruses, but this is quite rare. An example would be the recent characterization of human metapneumoviruses.[^17^](#B17) With further PCR, we have covered most of the known viruses causing URTI, except for human metapneumoviruses.

Although detection by PCR is more sensitive than IF or virus isolation in tissue culture, more sensitive types of PCR approaches could possibly have increased the yield, e.g. nested PCR and real-time PCR. However, nested PCR is not amenable to a multiplex protocol so will be significantly more costly and time consuming. Nested PCR has also not been described for all the viruses examined in our study. Real-time PCR recently has become more important in diagnostic tests, and its application in future could yield more sensitive results.

In the identification of bacterial aetiology from culture, we looked for heavy predominant growth of likely pathogens. It was not possible to have strict aetiological proof from culture alone. We could only tie in symptoms plus heavy growth and point to a likely suspect. In doing so, we have adopted the method that is commonly in use for interpreting culture results clinically, such as for the identification of group A streptococcus infections.

With bacterial culture, our use of 48 h incubation and additional plates in anaerobic conditions would have enhanced the detection of group A streptococci and unusual pathogens such as *Arcanobacterium haemolyticum*. However, we did not detect group A streptococci. This was a little surprising. It could have been missed if specimen collection was inadequate. Taking two or more throat swabs would increase the sensitivity of culture, but this was not practical. In addition, the increased yield by double sampling is limited (90--96% using one swab compared with 100% using two swabs).[^18^](#B18) We believe that the study does reflect the relative paucity of group A streptococci in our community. Low carriage of group A streptococci has also been shown in other communities.[^19^](#B19)

We did not use paired sera, as used by Lieberman *et al*., due to logistic constraints. It is possible that additional cases may have been picked up by serology. However, the use of IF and PCR on acute phase specimens would be expected to detect the pathogens targeted. Moreover, the range of pathogens targeted by our protocol is wider than what is usually available by serology.

Finally, we would like to propose the possibility of non-infective aetiology in some of the patients who presented to us with complaints of upper respiratory symptoms. One possible non-infective cause is air pollution. Hajat *et al*. reported an adverse effect of air pollution on general practice consultations for upper respiratory symptoms.[^20^](#B20) Pollutants in the air, such as large particles and SO~2~, can cause irritation of the upper respiratory tract mucosa and acute symptoms of coughing and increase in mucous secretion. There could also be a reduction of resistance to infection, as nitrogen dioxide (NO~2~) and ozone (O~3~) have been shown to impair ciliary action and the function of macrophages in animal studies.[^21^](#B21) There was, however, no documentation of increased levels of air pollutants in Singapore at the time of the study.

In addition to irritant-induced symptoms, there is also a group of syndromes loosely termed 'non-allergic rhinitis', where symptoms have been attributed to reactivity to a variety of common physical and chemical stimuli, such as changes in air temperature or humidity, perfume, household cleaning products, etc.[^22^](#B22) These are poorly understood and have not been studied extensively. They may also contribute to the aetiology of patients with upper respiratory tract symptoms seen in GPs\' surgeries.

Both irritant and non-allergic causes of upper respiratory symptoms may also explain the absence of pathogens isolated from some 30% of individuals in many community studies. However, ours was a practice-based study, and patients sought consultation for a variety of reasons, some of which may not be medical in nature.

One of the reasons which may cue a person to consult a GP is the threshold of tolerance for symptoms, which is different for different people. The need to legitimize the sick role is another factor to consider. This is especially so for daily-rated workers, who do not have the privilege of paid medical leave without medical certification, and, in countries such as Singapore, where workers cannot call in sick. There may also be some hidden agenda in seeing the doctor, as some patients who may need a day or two off to fulfill certain social roles (one commonly encountered reason being to look after a child who is ill) are unable to obtain leave from work, or unwilling to use up their limited holiday leave for this purpose. There is therefore need to examine these reasons in further studies.

Conclusions
-----------

In patients presenting with acute respiratory tract symptoms of \<7 days duration at the NHGPs in Singapore, an infective aetiology could only be found in 51%. Of these, 45% of patients had viral infections, with rhinovirus being the most common virus.

In 49% of patients, no infective aetiology could be identified. This could be partly due to non-infective causes of respiratory tract symptoms such as air pollution. It could also be due to differences between the population at large in the community, and the self-selective nature of patients presenting at general practices. Further studies are required to elucidate reasons for encounter, in order to equip GPs with the knowledge to manage their patients better.
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